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(57)  The invention relates to a method and device
for converting data packets by coding or compression
(P), source data packets (11-15) being converted into
transmission data packets (21-23). In order to achieve
an optimal degree of filling of the transmission data
packets, a data field of a transmission data packet (e.g.
21) according to the invention comprises only data of
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Description
BACKGROUND OF THE INVENTION

[0001] The invention relates to a method for com-
pressing data packets, a method for decompressing da-
ta packets, devices for compressing and decompress-
ing data packets, and a system for transmitting data
packets in compressed form. In more general terms, the
invention relates to a method for performing, in a com-
munication system, a length conversion of so-called
primitives, and to means for implementing said method.
[0002] More in particular, the invention relates to a
method for converting a first series of data packets, each
having a header field and a data field, into a second se-
ries of data packets, each having a header field and a
data field, both series comprising data packets of a plu-
rality of channels, and data from the data fields of the
first series being subjected to a compression process
and then being accommodated in the data fields of the
second series. Such a method is known from European
Patent Application EP-A-0,559,593.

[0003] Data compression is applied in practice in or-
der to increase the capacity of a communication chan-
nel. By means of compressing the data to be transmit-
ted, a certain amount of data can be transmitted in less
time or with a smaller bandwidth. The data compression
in this context is effected in many cases by a compres-
sion process in which the frequency of occurrence of
data words or messages is used to code the data more
efficiently: by replacing the most frequent data by a short
code and less frequent data by a longer one, a high de-
gree of compression can be achieved. The compressed
data can then be transmitted, for example in the form of
data packets. Thus afirst series of data packets is trans-
formed into a second series; in the case of a successful
compression the second series will generally be shorter,
i.e. contain less data than the first series.

[0004] In the known method, a first series of data
packets which may originate from various sources
(channels), is transformed into a second series of data
packets which can be transmitted via one (network)
channel, information being stored, in the data fields of
the second series, relating to the original data packets.
Thus the data fields of the second series contain sub-
header fields wherein, inter alia, the length of a com-
pressed data field and reconstruction information is
stored. On the basis of said subheader fields, the origi-
nal data fields, i.e. the data fields of the data packets of
the first series, can be reconstructed.

[0005] This known method has the drawback that a
relatively large amount of supplementary information, i.
e. the subheader fields, has to be transmitted. As a re-
sult, the data fields of the second series are effectively
reduced in size and the useful transmission capacity of
the data packets decreases. This effect is even stronger
for smaller packet lengths, where a relatively large por-
tion of the potential transmission capacity is taken up by
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this overhead. Moreover, in the case of the known meth-
od, the subheader fields must always be separated at
the receiving side from the useful data, before the data
fields can be decompressed. This entails an additional
processing step which costs both processing time and
processing means (circuits and/or software). If the
known method is used for transmitting, via a network
having intermediate stations (exchanges, switching
points), messages between various sources and desti-
nations, the known method further entails the need for
all intermediate stations to support the compression
function, since the routing of the network has to be
adapted to the bundling of channels in compressed data
packets.

SUMMARY OF THE INVENTION

[0006] The object of the invention is to overcome the
abovementioned and other drawbacks of the prior art
and to provide a method for transforming, by means of
data compression, a series of data packets which pro-
vides for efficient transmission of the compressed data
by making optimal use of the data fields of the second
series.

[0007] In particular, it is an object of the invention to
provide a method for transforming data fields, which pro-
vides for data packets of different channels to be proc-
essed efficiently.

[0008] It is a further object of the invention to provide
a method for transforming data packets, which is partic-
ularly suitable for use in X.25 networks.

[0009] It is also an object of the invention to provide
a method for transforming data packets, which is inde-
pendent of the compression or decompression process
used.

[0010] The method according to the invention is char-
acterized in that each data field of the second series
contains data of only one channel, and in that data to
be accommodated in a data field of the second series
are compressed per channel.

[0011] To this end, the method according to an em-
bodiment of the invention is characterized in that each
data field of the second series contains data of only one
channel, and in that data to be accommodated in a data
field of the second series are buffered per channel. In
other words, in the second series only data of one chan-
nel are incorporated in the data field of each data packet.
This has the advantage, inter alia, that the (compressed)
data of the various channels are transmitted in separate
data packets, so that it is not necessary to specify, within
a data packet, which data belong to which channel. The
data packets of the second series can thus, in principle,
be passed directly to their final destinations without first
being decompressed. By compressing each channel
separately, according to the invention, it is further en-
sured that only the transmitting and the receiving station
within a network need support compression, without the
transmission network itself being designed for compres-
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sion. According to the prior art mentioned, in contrast,
an adaptation of the network is necessary to support
compression of a plurality of channels, i.e. of a plurality
of (source) channels to one (network) channel.

[0012] In order to provide for the possibility of succes-
sive data packets, in the first series (of original data
packets), belonging to different channels, without trans-
mitting, in the second series, partially empty data pack-
ets, according to an embodiment of the invention the da-
ta of the different channels are buffered separately, i.e.
per channel. This makes it possible to optimally fill the
data packets of the second series (of "compressed" data
packets) with data, since for each channel compressed
data can be saved up, for example until the data field of
a data packet is entirely filled.

[0013] In this context, incidentally, the term "channel"
refers to a logical channel, in other words a transmission
route between a source (sending side) and a destination
(receiving side), which route exists for a certain time. In
the process, a plurality of channels can be active over
one physical link, but a channel need not expressly be
allocated to a specific physical link. Via a channel, one
or more messages are transmitted in the form of data
packets, a message generally being concluded by a
marker "end of message" (stop code). Such a marker
"end of message" therefore indicates the end of a group
of data packets which are functionally associated with
each other.

[0014] A channel may incidentally comprise several
subchannels (constituent channels), where e.g. one
subchannel carries user data while another carries con-
trol data. In the case of X.25, for example, the subchan-
nels are identified by the Q-bit. In case subchannels can
be identified, the method according to an embodiment
of the invention is characterized in that each data field
of the second series contains data of only one subchan-
nel, and in that data to be accomodated in a data field
of the second series are buffered per subchannel. It will
be understood that a subchannel may coincide with a
channel. For this reason, in this text the word "channel"
will generally be understood to mean "channel or
subchannel".

[0015] The abovementioned series of data packets
can, as already mentioned, contain data packets of a
plurality of channels, but may also be composed of data
packets of only one channel (or subchannel). At the
same time, the series may comprise one or more mes-
sages, can be both synchronous and asynchronous and
need not have a fixed or specific length. Thus a "series"
may even consist of a single data packet.

[0016] When stated in terms of the OSI model (cf. ref-
erence 3, chapter 12), the invention can be said to pro-
vide a method for performing, in a communication sys-
tem, a length conversion of primitives of a first layer (e.
g. n), the primitives being transferred on a second, lower
layer (e.g. n-1), the primitives having functional relation-
ships, and the length conversion comprising adapting
the number of data units in such a way that the primitives
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maintain their functional relationships. In the above-
mentioned cases, the functional relationships comprise
a channel or user identity, while the length conversion
comprises data compression.

[0017] In the method according to an embodiment of
the invention, preferably, a check is carried out as to
whether the last data packet of a channel occurs in the
first series, and in the event of the occurrence of the last
data packet all the buffered data of that channel are ac-
commodated in one or more data packets of the second
series. |.e., as the last data packet of a channel is re-
ceived, the respective buffer (or set of buffers) is
flushed, all data of that buffer being passed on to data
packets. Thus the group of data packets of a certain
channel is terminated without a specific waiting time
having to have elapsed for this purpose. Further, the
flushed buffers can be made available to a different
channel. Incidentally, in this context the term "the last
data packet of a channel" may generally be understood
as "the last data packet of a group of data packets of a
channel", therefore including the last data packet of a
message transmitted via that channel. The channel it-
self, which may comprise, for example, a physical or log-
ical link, may continue to exist in the process. The oc-
currence of the last data packet can be detected, in so
doing, on the basis of, for example, a marker "end of
message". The said group of data packets, of which the
occurrence of the last data packet is detected, may also
comprise a part of a message or a plurality of messages,
for example the data packets of a channel, which have
been received during a certain period.

[0018] When the last data packet of a channel of the
first series has occurred and the buffered data are ac-
commodated in a data packet of the second series, it is
possible that the buffered data may not fill the data field
of the data packet in its entirety. So as to be able to de-
termine in a simple manner on the receiving side where
the useful data end, it is provided that, if in the second
series the data field of the last data packet of a channel
is notfilled in its entirety, that data field be supplemented
with trailer data. These trailer data are preferably cho-
sen in such a way that they can be recognized as such
on the receiving side in a simple manner and therefore
preferably comprise a fixed code. Thus the trailer data
can comprise a string of identical bits, preferably at least
eleven ones. The number of identical bits is advanta-
geously selected in the process in accordance with the
coding used for the data compression, for example in
such a way that the number of bits is equal to, or greater
than, the number of bits of the longest code word.
[0019] Preferably, if trailer data are present in a data
packet of the second series, a check is carried out as to
whether a last data packet has occurred in the first se-
ries. Thus a simple, yet highly effective error check is
provided.

[0020] Advantageously, the method according to the
invention is carried out in such a way that a data field of
the second series exclusively comprises compressed
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data and/or trailer data. In other words, in a data field of
the second series no supplementary information occurs
with respect to the length of a message, the channel in
question and the like. Thus the available transmission
capacity of the data packets can be utilized optimally.
Incidentally, in this context, the so-called "compressed
data" may in some cases also contain non-compressed
data which do, however, originate from a data field of
the first series.

[0021] Preferably, the occurrence of the last data
packet of a channel is diagnosed on the basis of infor-
mation in the header fields of the data packets of the
first series. Thus the identification of the last packet may
take place, for example, at the same time as the channel
identification. If data packets are to be converted, how-
ever, which are not provided with such an identification
in the header fields, the occurrence of the last data pack-
et can be diagnosed in a different manner, for example
by identifying trailer information in a data field of the first
series.

[0022] If the data packets are designed for data trans-
mission in accordance with the X.25 protocol, the infor-
mation on the basis of which the occurrence of the last
data packet of a channel is diagnosed advantageously
comprises the m bit ("more bit"). If the m bit is equal to
zero, no further data packets of the same channel will
follow. Thus a very simple identification of the last data
packet is possible.

[0023] Inthe method according to the invention, many
different compression processes can be used. Advan-
tageously, there is applied, in the compression process,
a table containing code words, which is based on the
frequency of the occurrence of data. With reference to
such a table, each original data word is replaced by a
code word, certain data words which occur frequently
(or, for example, have a high information content) being
allocated a relatively short code. With compression
processes of this type, known per se, the table can be
compiled during the compression process. With the
method according to the invention, however, a fixed (fre-
quency) table is advantageously used. By means of a
(predetermined) fixed or at least temporarily fixed table
it is possible to prevent data expansion taking place at
the beginning of the compression process. Moreover,
this prevents bit errors in the transmission from resulting
in the respective tables of the transmission side and the
receiving side getting out of synchronization. After a pre-
determined time or after a predetermined amount of da-
ta packets, the table can be renewed and/or checked.
[0024] Although the method according to the inven-
tion is highly suitable for use in the case of many chan-
nels, it is also possible to carry out the method if all the
data packets of the first series belong to the same chan-
nel. In case the first series comprises data packets of a
plurality of channels, it is possible for compression to be
applied only to data packets of some of the channels,
so that the data of at least some channels are accom-
modated in the second series in non-compressed form.
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In the process, the non-compressed data may not have
changed at all or may have been subjected to an entirely
different operation such as encipherment. Further, data
which indeed were compressed may also be subjected
to a different operation such as encipherment.

[0025] Although the method according to the inven-
tion is here described with reference to the conversion
of data packets, it is also possible to convert, instead of
the first and/or third series of data packets, one or more
(synchronous or asynchronous) bit streams. It is also
possible for the first series and, in the case of bidirec-
tional traffic, the third series too, to be formed by a series
of time slots.

[0026] The invention further provides a method for
transforming a second series of data packets into a third
series of data packets having header fields and data
fields, data from data fields of the second series being
subjected to a decompression process and being ac-
commodated in data fields of the third series. In so do-
ing, data which are to be accommodated in a data field
of the third series are preferably buffered per channel.
If the decompression and the compression are symmet-
rical, data packets of the third series can in this case be
identical to data packets of the first series.

[0027] When the method according to the invention is
applied to the transmission of data packets, wherein in
the first series data packets of at least one channel occur
intermittently it is possible, advantageously, to transmit
intermittently, for that channel, at least one data packet
of the second series, even if the data field of that data
packet is only partially filled. As a result, long delays in
the data transmission can be prevented. (If, in the proc-
ess, the data packets of the first series are transmitted
in accordance with the X.25 protocol, it may be advan-
tageous to ignore the m bit of such a data packet). Data
packets of the second series may to this end be trans-
mitted, for example, at predetermined times or if a spe-
cific time has elapsed since (generally compressed) da-
ta have been placed into an empty buffer (so-called
"time-out mechanism"). In such a way, data packets can
be compressed and transmitted intermittently. This is
especially advantageous for data sources which gener-
ate data only intermittently, such as measuring instru-
ments. In a mode, likewise no account is taken of the
end of a group of data packets, but a packet of the sec-
ond series is transmitted as soon as the data of a packet
of the first series have been processed. If the data pack-
ets of the second series are smaller than those of the
first series, the data compression will always result in
an improvement of the efficiency of the data transmis-
sion, even if each data packet of a first series is convert-
ed into one data packet of the second series (1-to-1 con-
version). In the case of X.25, data packets of the second
series may then consist of fewer segments (of e.g. 64
bytes).

[0028] The invention moreover provides a device for
compressing data packets, a device for decompressing
data packets, and a system for transmitting data packets
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in compressed form.
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EXEMPLARY EMBODIMENTS

[0030] The invention will be explained below in more
detail with reference to the figures.

[0031] Figure 1 schematically shows converting a first
series of data packets into a second series of data pack-
ets.

[0032] Figure 2 schematically shows the process of
compressing, according to the invention, a series of data
packets.

[0033] Figure 3 schematically shows the method of
the invention in relation to the OSI model.

[0034] Figure 4 schematically shows a first embodi-
ment of a device for compressing and/or decompressing
data packets according to the invention.

[0035] Figure 5 schematically shows a second em-
bodiment of a device for compressing and/or decom-
pressing data packets according to the invention.

[0036] Figure 6 schematically shows a system for
transmitting data packets, in which the invention is ap-
plied.

[0037] Figure 1 depicts a first series 10 of (source)

data packets by way of example. The successive data
packets 11, 12, 13, 14 and 15 of the series 10 may be-
long to different channels. In the case depicted, the data
packets 11, 12 and 14 belong to a channel A, while the
data packets 13 and 15 belong to a channel B. Obvious-
ly it is possible, in practice, for longer series to occur,
whose data packets belong to more than two channels.
[0038] The invention makes provision for converting
the first series 10 into a second series 20 of (transmis-
sion) data packets. The successive data packets 21, 22
and 23 belong, respectively, to the channels A, A and B.
[0039] Each data packet of the series 10 and 20 de-
picted comprises a header field (or header) h and a data
field d. By means of a suitable compression process be-
ing employed, the data packets 11 to 15 (inclusive) are
converted into the data packets 21 to 23 (inclusive). Ac-
cording to the invention this involves accommodating,
in the data fields d of the (transmission) data packets of
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the series 20, only the data fields d of the (source) data
packets of the series 10 in compressed form. In other
words, the information of the header fields h of the data
packets 11 to 15 is not incorporated into the data fields
of the data packets 21 to 23. On the other hand, the
header fields h of data packets of a first series 10 may
correspond, at least in part and in some cases even en-
tirely, to the header fields h of data packets of a second
series 20. It is also possible, however, for the second
series to have a structure entirely different from that of
the first and, for example, to be composed according to
a different protocol.

[0040] A series of data packets of the same channel,
as can be formed, in the first series 10 depicted, by the
data packets 11, 12 and 14, will in general have a limited
length. The last packet of such a group is generally pro-
vided with a marker in order to tell the destination that
a particular message is completed. In the case of X.25
this is indicated by incorporating in the header field a bit
("more bit" or "m bit") which is equal to zero (m=0) if no
further data packets of the same message or channel
follow; otherwise the bit is equal to one (m=1). Another
way of indicating that no further data packets of the
same group follow, is to incorporate in the data field a
stop code ("end of message") which can be recognized
by the recipient. Such a stop code may, for example,
consist of control symbols which can be distinguished
in a simple manner from the ordinary, useful data. If de-
sired, the end of a message can be derived from the
timespan elapsed since the last data packet of that
channel was received ("time-out").

[0041] According to the invention, the data packets of
the series 20 each contain (compressed or non-com-
pressed) data of only one channel (or subchannel), and
the data for each channel are buffered separately. By
allocating each data packet of the second series 20 to
only one channel, it is possible to achieve a simple way
of decompressing at the receiving side (destination), the
data fields d of the data packets of the second series 20
not first having to be separated into fragments of sepa-
rate channels. Moreover, it is thus not necessary to in-
corporate in the data fields d supplementary information
with respect to the parts of the data field which belong
to a particular channel, such as length information of
blocks within the data field. Thus more efficient trans-
mission is achieved, since the data field of a data packet
of the second series can be filled solely with data. Inci-
dentally it is possible also to accommodate non-com-
pressed data in a data packet of the second series, for
example if one or more channels (or subchannels) are
not compressed. This may e.g. be the case if a particular
subchannel contains control data.

[0042] By buffering data of each channel substantially
separately it is possible to achieve an optimal degree of
filling of the data fields d of the second series 20. If such
buffering were not to take place, compression would ad-
mittedly resultin a smaller amount of data per data pack-
et, but the number of data packets per channel would in
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principle remain the same, and as a result in most cases
no advantage would be gained (unless the data packets
of the second series have a shorter length than those of
the first series, which imposes a restriction on the sec-
ond series, though). By means of the abovementioned
combination of measures, a very large degree of effi-
ciency of the data transmission can be achieved, without
making any demands concerning the structure of the da-
ta packets of the second series. At the same time, a
large degree of flexibility in routing is provided, since in-
termediate stations of the network, via which the com-
pressed data packets are transmitted, do not require
any adjustments for the purpose of the compression to
be made therein.

[0043] It should be noted that, where this text speaks
of a "data packet", this can also be understood as pro-
tocol data unit ("PDU"), container or data unitin general.
It will be evident that the data packets or data units may
also comprise, apart from a header field and a data field,
other fields such as a trailer field (or trailer). However,
this is not essential for the invention. The invention can
even be applied to data streams which are not present-
ed in packet form. In particular, the invention can be ap-
plied advantageously in the compression and decom-
pression of data packets in networks operating in ac-
cordance with the X.25 protocol, especially for applica-
tion on layer 3 of the OSI model.

[0044] In Figure 2 the method according to the inven-
tion is schematically depicted. The first series 10 of data
packets, shown in more detail in Figure 1, is converted
into the second series 20 of data packets. In the proc-
ess, the data packets 11-15 of the first series 10 are first
subjected to a process P which may comprise a suitable
data compression process known per se, such as a data
compression process which operates according to the
Ziv-Lempel procedure. In the case shown, the process
P also comprises a channel identification. The com-
pressed data are buffered, specifically separately for
each channel. The compressed data of the data packets
11, 12 and 14 are therefore continually buffered until a
data field of the second series can be filled in its entirety.
In the case shown, the compressed data of the data
packets 11 and 12 would be able, for example, to fill the
data packet 21 in its entirety, after which this data packet
can be transmitted. Any remaining compressed data of
channel A are stored in the buffer of channel A ("Buffer
A"). Then the data of the packet 13 are compressed and
stored in the buffer of channel B ("Buffer B") (assuming
that these data do not fill in its entirety a data packet of
the second series). The next packet to be compressed,
data packet 14, is the last packet of the group consisting
of the packets 11, 12 and 14. After compression, the
compressed data of channel A are stored temporarily in
the buffer of channel A, after which the buffer is flushed
and the compressed data of channel A are stored in the
packet 22. If the packet 22 is not thereby filled in its en-
tirety, trailer information can be appended. It is prefera-
bly specified in the header of the data packet 22 that this
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is the last packet of a group. The packet 15 may in the
meantime have already been subjected to the compres-
sion process. As was the case for channel A, the com-
pressed data will be stored for a short time in the buffer
in question, in this case the buffer of channel B, in order
then to be accommodated, together with the data al-
ready present in that buffer, in the data packet 23. It is
preferably specified in the header of the data packet 23
that this is the last data packet of a group (or channel,
respectively). If required, the data field of the data pack-
et 23, as was the case for the data packet 22, is provided
with trailer information (trailer data).

[0045] It will be understood that the buffering actions
of the buffers mentioned here can be implemented in
many ways, and that, for more than two channels, a plu-
rality of buffers may have been provided, as is shown in
the figure by means of broken lines (optional Buffer C
for channel C). If the last data packet of a particular
channel has been transmitted, the buffer of that channel
may, if required, be allocated to another channel. Thus,
if channel B, for example, is terminated, Buffer B can be
allocated to a new channel, for example channel C or D.
[0046] As indicated in the above, the time which data
spend in a buffer can in many cases be very short. The
function of the buffers is mainly that of collecting data of
a particular channel, in such a way that the packets of
the second series can be utilized as efficiently as pos-
sible.

[0047] Decompressing according to the invention
comprises receiving (transmission) data packets, sub-
jecting the data fields of these transmission data pack-
ets to a decompression process, and forming (destina-
tion) data packets containing, in their data fields, the de-
compressed data. Since no reconstruction information
need be extracted from the data fields, the decompres-
sion and the forming of destination data packets can
take place directly. Advantageously, decompressing
can take place in a manner entirely analogous to that of
the compression process sketched in Figure 2.

[0048] InFigure 3,the method of the invention is sche-
matically shown in relation to the OSI model (cf. refer-
ence 3, chapter 12). When communicating according to
the OSI model between two layers (n, n-1) of a commu-
nication network, between those layers a transfer takes
place of so-called primitives, also referred to as Inter-
face Data Units (IDUs). The primitives of layer n are
dealt with in layer n-1, that is in a lower layer. The prim-
itive of layer n will be transformed by layer n-1 into one
or more Protocol Data Units (PDUs), which constitute
the "virtual" communication between layer n-1 of the
sending side and layer n-1 of the receiving side. For ex-
ample, for layer 3 of X.25 these are the packets of the
so-called Packet Level Protocol.

[0049] In most cases the data packets A,, A, ..., A,
will be transferred via the intermediate network to layer
n-1 of the receiving side. If, however, on layer n-1 a
processing of the data takes place, such as data com-
pression or decompression, the structure of the data
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units (i.e. data packets or PDUs) neccessary to transfer
the primitives should not be affected by this processing.
It should be noted that the length of the data in a primitive
can be substantially greater than the maximum length
of a data unit, the length of a data unit often being dic-
tated by the network concerned.

[0050] InFigure 3, a primitive A is shown to be passed
on from layer n to layer n-1 at the sending side, indicated
by S. The primitive A represents a series of data packets
or data originating from higher layers at the sending
side. At layer n-1, the primitive A results in a first series
of data packets A4, A,, ..., A,, this series corresponding
to the series 10 in Figures 1 and 2. The series is sub-
jected to a process P, such as a data compression proc-
ess or, in general, coding process. As is shown in Figure
3, this process takes place at layer n-1. As a result of
the process P, a second series of data packets By,
B, ..., By is produced, this second series corresponding
to the series 20 in Figures 1 and 2. In the case of data
compression, the number of data packets of the second
series will be smaller than that of the first series: y<x.
The second series 20 is transferred via a network (not
shown for the sake of clarity). As depicted, the transfer
of the series 20 via a network takes place at layer n-1,
but may involve other (lower) layers, such as layer n-2.
[0051] At the receiving side, denoted by R, the previ-
ous steps are substantially reversed. First, the series of
data packets B4, B, ..., B, is subjected to the process
P', this process P' being in most cases the inverse proc-
ess of the process P at the sending side, e.g. data de-
compression where the process P involved data com-
pression. As a result of this, a third series 30 is pro-
duced, this third series 30 in mostinstances being equiv-
alent to the series 10 and comprising data packets A,
A,, ..., A,. These data packets of layer n-1 are subse-
quently passed on as a primitive, again denoted by A,
to the next higher layer (n) of the receiving side R. The
primitive A may be passed on to still higher layers as
necessary.

[0052] As the example of Figure 3 shows, data pack-
ets of a first format (A, Ay, ..., A,) are processed (P),
transferred as data packets of a second format (Bj,
B,, ..., By) and processed again (P') at layer n-1. In this
example, the original and resulting data packets are
identical, as are the corresponding primitives. The meth-
od according to the invention therefore provides a lenght
conversion of primitives of a certain layer (n) at a lower
layer (n-1). As was explained under reference to Figure
2, in this method the functional relationships of the prim-
itives are retained by assigning the data packets of the
second series (By, By, .., By) to one channel or
subchannel only. Said functional relationships may
comprise e.g. the (sub)channel identity and/or user
identity of the primitives. As mentioned above, a
subchannel is a constituent part of a channel, e.g. all X.
25 data packets of a certain channel having a Q-bit
which equals 1 constitute a subchannel of said channel.
[0053] At layer n-1 the structure of primitives is indi-
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cated by a marker "end of message". In the case of X.
25 such a marker is constituted by an m bit equalling
zero. In ISDN based networks, for example, this princi-
ple can also be applied. In the case of ISDN the routing
layer can be constituted by an arbitrary routing protocol,
e.g. layer 3 of X.25. In the case of ATM the marker "end
of message" is constituted by the so-called Segment
Type Field or "ST Field" (cf. reference 5). This indicates
the relationship between data units (so-called SAR
PDUs) and primitives (so-called SAR SDU's). Ignoring
the "end of message" in order to obtain a higher com-
pression factor is supported in ATM in the ST Field by
the so-called Single Segment Message (SSM).

[0054] Preferably, the layer n-1 mentioned in the ex-
ample of Figure 3 is layer three of the OSI model (n
equalling 4). However, layer n-1 may also refer to other
levels of the OSI model, such as layer 2 or 4. The meth-
od of the invention may be applied to all communication
techniques based on the OSI model. Preferably, the
processing takes place in or above the routing layer in
order to maintain independence from the routing.
[0055] The method of the invention, when applied at
layer 3 of the OSI model, has the additional advantage
that data compression can take place at the same layer
as tariffing. When compressing at layer 2, the user pay-
load is not decreased by data compression. A further
advantage of applying the invention at layer 3 is the high
compression factor made possible, as at layer 2 a com-
bining of information sources takes place, causing a low
redundancy of the data. Because of the said combining,
an adaptive compression algorithm will not be able to
obtain an optimal compression as the data to be com-
pressed have varying characteristics. With the inven-
tion, however, a high compression ratio can indeed be
obtained, since compression takes place at a higher lay-
er of the OSI model and the data of the various sources
can be processed separately.

[0056] The device 100 depicted schematically in Fig-
ure 4 comprises an identification unit 110, a control unit
120, a processing unit 130 which is linked, via a data
bus 140, to a memory 150, and a buffer unit 160. The
identification unit 110 comprises an input buffer and,
coupled thereto, identification means for identifying (the
channel of) incoming data packets. The identification is
passed to the control unit 120 which thereupon can ad-
dress the processing unit 130 and the memory 150 in a
channel-related manner. Thus the memory 150 may
have stored therein different compression processes
which can be used for different channels. Decompres-
sion processes can likewise be stored in the memory
150, so that the device 100 can also be used for decom-
pression; if required, the device 100 is able to compress
for some channels and decompress for other channels.
In so doing, a decompression process, or reconstruction
data required for that process, can be transmitted when
a channel is set up, prior to the data packets to be de-
compressed. It is also possible for the memory 150 to
be constructed, in its entirety or in part, as read-only
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memory (ROM), so that certain data (reconstruction da-
ta for the benefit of decompression processes as well
as one or more decompression processes themselves)
are permanently present in the device 100. Even if the
device 100 is used as a compression device it may be
advantageous to accommodate certain data in a read-
only memory.

[0057] The process required for a particular channel
is loaded, under the control of the control unit 120, via
the data bus 140 from the memory 150 into the process-
ing unit 130. The processing unit 130 preferably com-
prises a microprocessor for executing the processing
process. Advantageously, the processing unit 130 is fit-
ted with a processor memory for storing data relating to
the current process. The task of the processor memory
may, however, also be performed by the memory 150.
In order to increase the processing speed of the device
100, there may be connected to the data bus 140 a plu-
rality of parallel processing units 130. Alternatively, a
plurality of (micro)processors, each with a processor
memory if required, can be accommodated in a process-
ing unit 130.

[0058] The buffer unit 160 comprises an output buffer
161 which, according to the invention, is composed of
a plurality of buffer sections A, B, C, etc., for the benefit
of the corresponding channels. As already stated
above, the allocation of buffers to specific channels
need not be fixed and may if required be altered, de-
pending on circumstances. Thus the buffer section A in
Figure 4, after channel A has terminated, can be allo-
cated, for example, to a (new) channel H.

[0059] Each buffer section A, B, etc. of the output buff-
er 161 preferably comprises a (shift) register but may
also be formed by random-access memory (RAM). A
supplementary buffer section BP ("bit pointer") is pro-
vided for storing information which specifies what
amount of data, in particular how many bits and/or bytes,
is stored in each of the other buffer parts or, respectively,
remained after the last data packet to be transmitted
was filled. If required, the buffer section BP may be
formed by separate, reserved portions of the buffer sec-
tions A, B, etc.

[0060] The buffer unit 160 further comprises a selec-
tion unit 162, formed by, for example, a multiplexer, for
selecting a buffer section in which data entering the buff-
er unit 160 must be stored. This selection takes place,
in the example shown, on the basis of control signals
which have been generated by the control unit 120 on
the basis of identification information. The buffer unit
160 may also comprise means (not shown) for generat-
ing suitable data packets having, for example, a length
of 128 bits, in which data are transmitted from the buffer
sections.

[0061] With the aid of the device 100 according to the
invention, rapid and efficient compression of a series of
data packets is possible, therefore. The degree of effi-
ciency may in this context additionally depend on the
occurrence of stop codes or other markers (such as the
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m bit) which indicate the end of a group of data packets
(message, channel). Preferably, the device 100 is de-
signed in such a way that the discounting of stop codes
and the like is adjustable. This makes it possible to adapt
the mode of operation of the device to the equipment
connected to the device.

[0062] In a first mode, the device takes no account at
all of the end of a group of data packets, so that data
are buffered for each channel even if a message is com-
plete. This entails the highest degree of filling of data
packets of the second series, since it is now not neces-
sary to transmit, at the end of each group, a data packet
which (in most cases) is partially empty or is provided
with trailer data. In order to ensure that the last data
stored in the buffer in question are sent, a timing mech-
anism may be provided which involves, for example, the
control unit 120 flushing the buffer of a particular chan-
nel and causing a data packet to be emitted from that
channel if, during a certain time, no data packet of that
channel has been received in the device 100. Said flush-
ing of a buffer may also take place at fixed times, or if
the destination sends a request to this effect to the de-
vice 100. Such a request may take the form of a special
code in the data of a data packet transmitted to the de-
vice 100.

[0063] Inasecondmode, likewise no accountistaken
of the end of a group of data packets, but a packet of
the second series is transmitted as soon as the data of
a packet of the first series have been processed.
While this ensures that the data are transmitted as rap-
idly as possible, the useful effect of the data compres-
sion will be very small, since in general only partially
filled data packets will be formed. However, if the data
packets of the second series are smaller than those of
the first series, the data compression will always result
in an improvement of the efficiency of the datatransmis-
sion, even if each data packet of a first series is convert-
ed into one data packet of the second series (1-to-1 con-
version). In the case of X.25, data packets of the second
series may then consist of fewer segments (of e.g. 64
bytes).

[0064] Inathird mode, accountis indeed taken of stop
codes or other indications that the end of a message or
channel has been reached. If the last data packet of a
message or channel is identified, the buffer concerned
is flushed. Thus rapid data transmission is achieved at
all times, while the formation of only partially filled data
packets is considerably restricted.

[0065] It should be noted that in some systems for
transmitting data packets it may be possible to distin-
guish between the end of a message and the end of a
channel, for example by the transmission, at the end of
a channel, of a special code or a special data packet. In
that case it is advantageous to flush the buffers at the
end of a message, but not to do so at the end of a chan-
nel.

[0066] Flushing the buffers, in this respect, involves
transmitting the information remaining in the buffers.
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When the end of a channel occurs, however, the buffers
may be "flushed", i.e. reset, without transmitting the re-
maining information. In both cases, the buffers will ulti-
mately be empty. The "end of a channel" may occur
when a logical channel is interrupted (e.g. "disconnect”
in X.25) and when in the network a fault indication oc-
curs (e.g. a "reset packet" in X.25), indicating that it is
uncertain whether the data transmitted reached their
destination.

[0067] The device 200 depicted schematically in Fig-
ure 5 comprises, like the device 100 of figure 4, an iden-
tification unit 210, a control unit 220, a processing unit
230 which is linked, via a data bus 240, to a memory
250, and a buffer unit 260. The identification unit 210
comprises an input buffer and, coupled thereto, identi-
fication means for identifying (the channel and/or
subchannel of) incoming data packets.

[0068] In the device 200, the buffer unit 260 compris-
es an output buffer 261 which, according to the inven-
tion, is composed of a plurality of buffer sections A, B,
C, etc., for the benefit of the corresponding channels. In
contrast to the output buffer 161, the output buffer 261
of figure 5 comprises buffer sections which are imple-
mented in duplicate, i.e. each buffer section comprises
two further sections or compartments, each compart-
ment being allocated to a particular subchannel. Thus
for channel A, the compartments A and A' are provided.
Similarly, the compartments B and B' are provided for
channel B, etc. In the example given, the data of two
subchannels can be buffered for each channel. It will be
understood that the buffer sections may consist of a plu-
rality of compartments, e.g. three, four or five, in order
to support a plurality of subchannels for each channel.
The supplementary buffer section BP ("bit pointer")
need not be implemented in multiples, provided that it
is of sufficient size to register the states of all buffer sec-
tions. The buffer section BP may also be constituted by
reserved parts of the buffer sections A, A', B, B', etc.
[0069] Instead of providing, within a buffer 261, buffer
sections having multiple compartments, the buffer 261
as a whole may be implemented in e.g. duplicate or trip-
licate, the buffer unit 260 thus comprising buffers 261,
261", etc. as necessary. Alternatively, the entire buffer
unit 260 may be provided in multiple form.

[0070] As already stated above, the allocation of buff-
ers or buffer sections to specific channels or subchan-
nels need not be fixed and may if required be altered,
depending on circumstances. Thus the buffer section A
in Figure 5, after subchannels A and A" have terminated,
can be allocated, for example, to a (new) channel H.
[0071] The buffer unit 260 comprises a selection unit
262 which, in addition to the functions of the selection
unit 161 of the buffer unit 160, performs a selection
based on subchannels, i.e. the selection unit 262 as-
signs data to buffers sections based on both their chan-
nel and their subchannel identifications. Apart from the
buffer unit 260, the device 200 may be functionally and
constructively equivalent to the device 100 of figure 4.
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However, the processing unit 230 and the control unit
250 are preferably arranged for processing data in de-
pendence on their respective subchannel identification.
The identification unit 210 is likewise arranged for iden-
tifying subchannels.

[0072] The device 100 of Figure 4 and the device 200
of figure 5 can be made from commercially available
components (cf. reference 6). Advantageously, this de-
vice may also, however, be implemented as an applica-
tion-specific integrated circuit (ASIC). In order to pro-
vide, in one device, both for compression and decom-
pression for bidirectional traffic, two devices 100 can be
accommodated together in one housing, or alternatively
be completely integrated.

[0073] The system of Figure 6 comprises compres-
sion and decompression devices 2 which are linked to
one another via a network 1. In this arrangement, the
devices 2 may each, for example, comprise two devices
100 or 200 of Figure 4 or Figure 5 respectively. The net-
work 1 can be a communication network known per se,
such as a network operating according to the X.25 pro-
tocol. A device 2 may have a plurality of units 3 connect-
ed thereto, which each may comprise multiplexers. If re-
quired, these units 3 may emit not data packets, but data
streams, which are only formed into data packets in the
devices 2. The devices 3 may have connected thereto
a plurality of end users 4. Between the end users 4 a
plurality of (logical) channels may be set up. By the in-
vention being applied, the data of these channels can
atall times be transmitted efficiently in compressed form
via the network.

[0074] It will be understood by those skilled in the art
that the invention is not limited to the embodiments
shown and that many modifications and additions are
possible without departing from the spirit and scope of
the invention.

Claims

1. Method for converting a first series (10) of data
packets, each having a header field (h) and a data
field (d), into a second series (20) of data packets,
each having a header field (h) and a data field (d),
both series comprising data packets of a plurality of
channels (A, B), and data from the data fields of the
first series (10) being subjected to a compression
process (P) and then being accommodated in the
data fields of the second series (20), characterized
in that each data field of the second series (20) con-
tains data of only one channel (e.g. A).

2. Method according to claim 1, wherein data to be ac-
commodated in a data field of the second series
(20) are buffered per channel (A;B)

3. Method according to claim 2, wherein a check is
carried out whether the last data packet of a channel
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(e.g. A) occurs in the first series (10), and in the
event of occurrence of the last data packet all the
buffered data of that channel (e.g. A) are accommo-
dated in one or more data packets of the second
series (20).

Method according to claim 3, wherein, if in the sec-
ond series (20) the data field of the last data packet
of a channel is not filled in its entirety, that data field
is supplemented with trailer data.

Method according to claim 4, wherein the trailer da-
ta comprise a string of identical bits, preferably at
least eleven ones.

Method according to claim 3 or 4, wherein, if trailer
data are present in a data packet of the second se-
ries (20), a check is carried out as to whether a last
data packet has occurred in the first series (10).

Method according to any of claims 2 to 6, wherein
a data field of the second series (20) exclusively
comprises compressed data and/or trailer data.

Method according to any of claims 2 to 7, wherein
the occurrence of the last data packet of a channel
(e.g. A) is diagnosed on the basis of information in
the header fields (h) of the data packets of the first
series (10).

Method according to claims 2 to 8, wherein the data
packets (e.g. 11, 12, 13,...) are designed for data
transmission according to the X.25 protocol.

Method according to claims 8 and 9, wherein the
information on the basis of which the occurrence of
the last data packet of a channel (e.g. A) is diag-
nosed comprises the m bit ("more bit").

Method according to any of claims 1 to 10, wherein
there is applied, in compression process (P), a table
containing code words, which is based on the fre-
quency of the occurrence of data, said table prefer-
ably being fixed, at least during a certain period.

Method according to any of claims 1 to 11, wherein
all the data packets (11, 12...) of the first series (10)
belong to the same channel (e.g. A).

Method according to any of claims 1 to 12, wherein
compression is applied only to data packets of
some of the channels (e.g. B).

Method according to any of claims 1 to 13, wherein,
instead of the first series (10) of data packets, a bit

stream is converted.

Method for transforming a second series (20) of da-
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ta packets, which has been formed from a first se-
ries (10) of data packets according to claims 1 to
14, into a third series (30) of data packets having
header fields (h) and data fields (d), data from data
fields (d) of the second series (20) being subjected
to a decompression process and being accommo-
dated in data fields (d) of the third series (30), char-
acterized in that data which are to be accommo-
dated in a data field (d) of the third series (30) are
buffered per channel (e.g. A).

Method according to claim 15, wherein data pack-
ets of the third series (30) are identical to data pack-
ets of the first series (10).

Method for transmitting data packets, comprising
transforming a first series of data packets (10) ac-
cording to claims 1 to 14, transmitting the thus
formed second series (20) of data packets, and
transforming the second series of data packets into
a third series (30) of data packets according to claim
15 or 16.

Method according to claim 17, wherein, prior to the
second series (20) of data packets being transmit-
ted, reconstruction information is transmitted.

Method according to claim 17 or 18, wherein, in the
first series (10), data packets of at least one channel
(e.g. A) occur intermittently, and wherein, for that
channel (A), at least one data packet of the second
series (20) is transmitted intermittently, even if the
data of that packet is only partially filled.

Method according to 19, wherein the data packets
(e.g. 21, 22) of the second series (20) are transmit-
ted in accordance with the X.25 protocol.

Method according to claim 19 or 20, wherein a data
packet of the second series (20) is transmitted if,
since the accommodation of data in an empty buffer
of the channel (e,g, A) to which the data packet be-
longs, a predetermined time has elapsed.

Device (100; 200) for compressing data packets,
comprising input means (110;210) for receiving a
first series of data packets (10) each having a head-
er field (h) and a data field (d), identification means
(110;210) for determining the channel (A, B, ..) of
the data packets received, processing means (130;
230) for compressing the data field of each data
packet to be compressed, and output means (160;
260) for forming a second series (20) of data pack-
ets each having a header field and a data field, and
foraccommodating, in the data field of a data packet
of the second series (20), a compressed data field
of the first series (10), characterized in that buffer
means (161;261) are provided for buffering, per
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channel (A, B,..) data to be accommodated in a data
field of the second series (20) and for accommodat-
ing, in each data field of the second series (20), data
of only one channel (e.g. A).

Device (100; 200) according to claim 22, wherein
the buffer means (161;261) for buffering data of
each channel comprise at least two parallel buffers,
preferably a separate buffer being present for each
channel (A, B, C, ..).

Device (100; 200) according to claims 22 or 23,
wherein for each channel (A, B, ..) memory space
is reserved in a memory (150;250;BP) common to
the channels.

Device (100; 200) according to claims 22, 23 or 24,
wherein means are provided for generating trailer
data.

Device (100; 200) according to claims 22, 23, 24 or
25, wherein the processing means (130; 230) are
arranged for decompressing data packets.

System for transmitting data packets in com-
pressed form, comprising at least a device accord-
ing to any of the claims 22 to 26 inclusive.
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FIG. 1
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